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An Analysis of the Two-Bar 
Ratcheting Behavior Using the 
Viscoplasticity Theory Based on 
Overstress (VBO) 
The ratcheting behavior of the "unsymmetric two-bar system" was investigated by 
numerical experiments. The two bars are restrained to the same length and are 
subjected to a constant load. One bar sees cyclic temperature variations, while the 
other bar is kept at constant temperature. The material models employed are rate-
independent plasticity (kinematic hardening) and the viscoplasticity theory based on 
overstress (VBO) matched to represent the cyclic neutral 6061 T6 aluminum alloy 
elastic and inelastic deformation behavior. For simplicity, temperature-independent 
material properties were assumed. Numerical analyses were performed to investigate 
the effects of rate of thermal loading and temperature range. Elastic-inelastic shake-
down is ultimately achieved due to work hardening. There is a strain range increase 
until it reaches a steady value. Kinematic hardening and VBO predict almost the 
same strain range, which, for the case of VBO, is nearly rate-independent. The 
behavior for both material models is very different for the mean strain. For VBO, 
the number of cycles to shakedown is rate-dependent and is considerably larger than 
for kinematic hardening. Finally, the steady-state mean strain and strain range are 
computed directly for VBO. 
Introduction 
Within the last two decades, new viscoplastic or unified con-
stitutive equations have been developed and improved for rate-
dependent inelastic deformation behavior of metals and alloys; 
see Miller (1987) for a recent summary. Such constitutive equa-
tions are especially needed in the stress analysis of high-temper-
ature equipment such as pressure vessels when creep/plasticity 
interaction takes place. In the framework of viscoplastic theory, 
the total strain rate is the sum of the elastic and the rate/time-
dependent inelastic strain rate that represents creep and plastic 
strains. There is no longer a distinction between creep and plas-
ticity and the interaction of them is expected to be described in 
a natural way. Viscoplastic theory based on overstress (VBO) 
was proposed and has been developed by Krempl and his col-
leagues. As reviewed in Krempl (1996), VBO has been applied 
to different materials under a variety of loading conditions: 
monotonic and cyclic loading, biaxial proportional and nonpro-
portional loading, at low and at high homologous temperatures. 
A structure subjected to a combination of constant load and 
cyclic load can reveal a characteristic progressive inelastic de-
formation (ratcheting). As reviewed by Konig et al. (1981), 
many studies have been done to analyze this complicated behav-
ior of a structure. The "unsymmetric two-bar system" under 
cyclic thermal loading was analyzed by Miller (1959) as an 
elementary model of thermal ratcheting behavior of thin-walled 
pressure vessels. A comprehensive analysis was made by Me-
gahed (1981). Both studies are based on rate-independent plas-
ticity. Some of the recent studies explore viscoplasticity models 
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in shakedown (or ratcheting) analysis; see Polizzoto (1995) 
and Gokhfeld et al. (1995). 
In the present study, the ratcheting behavior of the "unsym-
metric two-bar system" is investigated using VBO and a con-
ventional kinematic hardening plasticity theory as material mod-
els. Numerical experiments exhibit a viscoplastic effect in the 
ratcheting behavior. An analysis yields the mean strain and 
strain range at the steady state of inelastic shakedown. 
Constitutive Equation 
The constitutive equations employed in the present analyses 
are rate-independent plasticity with linear kinematic hardening 
and the viscoplasticity theory based on overstress (VBO). They 
are matched to represent the cyclic neutral 6061 T6 aluminum 
alloy elastic and inelastic deformation behavior at room temper-
ature. This alloy exhibits very little rate sensitivity, and the 
VBO model reflects this property. For simplicity, temperature-
independent material properties are assumed in all the analyses. 
The VBO model was initially developed by Yao (1987). The 
version given in the forthcoming represents the current stage 
of development and is discussed in Krempl (1996). The total 
strain rate £,-,- is the sum of the elastic strain rate elj and the 
inelastic strain rate e!? 
The rate form of Hooke's law is 
+ v 
el! 





where Oy, sv, e°j are the stress tensor and its deviator, and the 
deviatoric elastic strain tensor; E and v are Young's modulus 
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Table 1 Material constants 





















r 2 = - (sy - gy)^ - gv) (5) 
e|" is a deviatoric inelastic strain rate, and incompressibility is 
assumed for inelastic deformation. gv is called the deviatoric 
equilibrium (back) stress and is a state variable in the model. 
Sy - gij is the overstress tensor and T is its equivalent value. 
The function k[Y], the viscosity function, is the repository for 
rate dependence (in the present paper,/[jc] stands for a "func-
tion of x"). The deviatoric stress rate is 
i„ = 2G{etj - ej?) (6) 
where G is the shear modulus. The growth rule for the equilib-
rium stress is given as 
iAtn (A t stJ• - gij r giJ-fij
s 
Si, + 
*m km A 
+ 1 1 - ^ 1 / , (7) 
where A is the rate-independent contribution to the stress in the 
asymptotic state. It is constant for cyclic neutral behavior. The 
growth law for the deviatoric kinematic stress fUt another state 
variable, is 
f.. = -F p'" 
J '1 3 ^ ' c w 
(8) 
where E, — E,/( 1 - EJE) is the tangent modulus at the maxi-
mum inelastic strain of interest. t//[T] is a shape function and 
models the transition of the stress strain curve from elastic to 
inelastic range. The viscosity function and the shape function 
are given as; 
k[T] = a, 1 + 
a2 
(9) 
(10) >f,[T] = c, + ( c 2 - c , ) e "
c ' r 
where a\, a2, a3, cu c2, c3 are material constants. 
For the application to the two-bar problem, the multiaxial 
VBO model is reduced to the uniaxial form 
(11) e = e
e 1 + e"1 = cr ! O" - S 
E Ek[T] 
where 
r = \a ~g\ 
and from Eqs. (4), (7) and (8) we have 
. wn - H P 40 -*-¥)} a - g * " E k[F] 
# r ] r g--f 
(12) 
E klT] A 
(13) 
f = E,em (14) 
The material functions k[T] and (//[T] are given by Eqs. (9) 
and (10), respectively. Material constants for Al 6061 T6 at 
room temperature are shown in Table 1. 
Parallel analyses are conducted using a rate-independent ki-
nematic hardening model. Considering the asymptotic feature 
of VBO (Yao, 1987), we chose the material constants A and 
E, from VBO for the yield stress and the plastic strain hardening 
modulus for the kinematic hardening model, respectively. 
Description of the Problem 
The present problem of a two-bar unsymmetric system under 
cyclic thermal loading is shown in Fig. 1. Bar 1 and Bar 2 of 
area Si = S0 and S2 = rS0(r > 0) , respectively, are restrained 
to remain of equal length. They are subjected to an applied load 
P up to Pmax, with loading rate of P. Then, Bar 2 is subjected 
to periodic variation in temperature, as shown in Fig. 1, during 
which the applied load is kept constant at Pmax. Ta = Tmm is the 
initial and the minimum temperature at which the temperature 
of Bar 1 is kept constant. Tmm is the maximum temperature and 
the temperature range is AT = rmax - T0. 
Equilibrium and compatibility conditions are 
P = Si(T\ + S2a2 = Soiai + ra2) 
e = £ | = - i + £ 
a2 = e2 = -i + £!>
n + a(T - T0) E 
(15) 
(16) 
where subscripts 1 and 2 stand for the value of Bar 1 and Bar 
2, respectively. The coefficient of thermal expansion is a, see 
Table 1. Writing p = (P/S0), Eq. (15) becomes 
02 = - ( p - <t\) 
r 
(17) 
Differentiating Eqs. (16) and (17) with respect to time and 
considering p = pmm = const during thermal loading, we have 
- . . - ! • * 
&2 e2 = — + e2" + aT E 
1 
a2 = ox 
r 
Substituting Eq. (19) into Eq. (18), we have 
*i = - 7 - — E(e? - ef - at) 




For VBO, the inelastic strain rate is given by the second term 
of Eq. (11), and Eq. (20) becomes 
cr, = -
CTl - gl er2 - g2 
1 + r \ k[Fi] k[F2 1 + r 
aEf (21) 
Barl 




S2 - rSO 
FPI Time 
Fig. 1 Unsymmetric two-bar system 
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Table 2(a) Conditions for numerical experiments and calculated mean 
strain and strain range at 15,000th cycle (r = 1.5, pmax = 125 MPa, p = 
10 MPa s"1) 
VBO 
AT K t Ks"' AE ^mew 
300 0.5 0.00403 0.00874' 
0.005 0.00408 0.0626 
600 0.5 0.00854 0.0664 
0.005 0.00827 0.0675 
1200 0.5 0.0213 0.0718 
0.005 0.0213 0.0716 
' Not saturated at lS.OOO0' cycle. 
Kinematic Hardening Model (Numerical) 
ATK Ae ^mean 
300 0.00414 0.00352 
600 0.00884 0.00802 
1200 0.0225 0.0149 
Table 2(b) Conditions for numerical experiments and calculated mean 
strain and strain range at 15,000th cycle (r = 1.0, pmm = 100 MPa, p = 
10 MPa s 1 ) 
VBO 
AT K r Ks-' Ae ^mean 
300 0.5 0.00336 0.00841" 
0.005 0.00339 0.0647 
600 0.5 0.00673 0.0667 
0.005 0.00673 0.0667 
1200 0.5 0.0134 0.0702 
0.005 0.0134 0.0702 
! Not saturated at 15,000th cycle, 
Kinematic Hardening Model (Numerical) 
ATK AE p 
**mean 
300 0.00346 0.00286 
600 0.00690 0.0428 
1200 0.0138 0.0701 
Numerical Experiments 
Experimental Conditions. The conditions of the present 
analyses are shown in Tables 2(a) and 2(b). Two area ratios 
r = 1.5 and 1.0, andpmax = 125 MPa for r = 1.5 and 100 MPa 
for r = 1.0 are considered. In every case, the thermal loading 
starts from the same stress a = 1/(1 + r)pmsa = 50 MPa. The 
initial loading rate is p = 10 MPa s - 1 . We set T0 - 7"min = 0 
and thus AT" = 7i„ax. The temperature conditions include three 
different temperature ranges, AT = 300, 600, and 1200 K2; and 
in order to see the rate effect, we have two temperature rates f 
= 0.5 and 0.005 Ks"1 for each AT. The calculations are termi-
nated after 15,000 thermal cycles. 
Definition of Strain Range and Mean Strain. In the fol-
lowing discussions, a cycle consists of a cooling process fol-
lowed by a heating process. The strain at the start of cooling is 
emax and emin is the strain at the end of cooling. The strain range 
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Fig. 2 Example of stress-strain response predicted by VBO (r - 1.5, 
p„m = 125 MPa, t = 0.5 Ks"
1 , A T = 600 K) 
If the stress-strain hysteresis loop is not closed, which is the 
case for ratcheting, the strain range obtained for cooling is 
different from that for heating. This difference is a ratchet strain 
increment and is measured by emean. When eml!a„ reaches a steady 
value, ratcheting stops and the stress-strain hysteresis loop 
closes. The "steady state" or shakedown stage has been 
reached. 
Results. An example of stress-strain diagram is shown in 
Fig. 2 for Bar 1. The hysteresis loop moves in the tensile direc-
tion; ratcheting takes place. It is known that the response of 
any structure made of cyclically stable material and subjected 
to cyclic loading gradually reaches some steady state (Gokhfeld 
et al., 1995). This is shown in Fig. 3 where the variation of the 
mean strain with number of cycles for the case r = 1.5 is 
depicted. The mean strain calculated using VBO reaches the 
steady state in several hundred to several thousand cycles, de-
pending on temperature range. Further, its behavior is rate-
dependent as expected. The shakedown conditions is reached 
in a fewer number of cycles as the temperature rate decreases. 
The steady-state mean strain, however, is independent of tem-
perature rate, as shown for AT = 600 and 1200 K. For AT = 
300 K, the steady state is not yet reached at the 15,000th cycle. 
For the kinematic hardening model, the results are quite dif-
ferent. Shakedown is established within the first two cycles for 
every AT, and the corresponding mean strain at shakedown is 
much smaller than that predicted by VBO. 
The variation of the strain range with cycles is shown in Fig. 
4. The slow growth of the strain range shows very little rate 
dependence for VBO and is close to that predicted by kinematic 
hardening. In the forthcoming analysis, it will be shown that the 
saturated strain range is rate-dependent due to viscous effects in 
0.15 
2 A temperature range of 1200 K is not realizable for an engineering structure. 
It is introduced to examine the behavior at large inelastic strain. 
10° 10' 102 103 10" 
Number of Cycles 
Fig. 3 Ratcheting behavior in terms of mean strain (r = 1.5) 
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Fig. 6 Variation of strain range (r = 1) 
10" 
VBO. They are small due to the small rate dependency of the 
model. 
Figures 5 and 6 show the results for r = 1.0. Ratcheting 
behaviors similar to those for r = 1.5 are observed, except that 
reversed plasticity is established for AT = 1200 K for the 
kinematic hardening model. For reversed plasticity, the varia-
tions of mean strain and strain range are very similar for the 
kinematic hardening model and VBO. Otherwise, the kinematic 
hardening model exhibits approximately the same strain range, 
but less mean strain than VBO. 
Discussion 
Approximate Steady-State Relations. Although the elas-
tic region appears normal on the graph, see Fig. 2, VBO does 
not exhibit an exactly linear elastic region. Some inelasticity, 
no matter how small, is always present at other than zero 
overstress. It is therefore assumed that "inelastic shakedown" 
(Polizzoto, 1995) is appropriate and elastic shakedown never 
happens. Thus, a hysteresis loop, schematically depicted in Fig. 
7 for Bar 1, can always be assumed for both bars. e|j} and/0, (i 
= 1, 2) represent the "centers" of the loops with/o ; , mean 
stress, representing the kinematic stress corresponding to inelas-
tic strain e'o). From Eq. (14), we have 
fo2 = E,e'o2 
(24) 
(25) 
The inelastic strain rate is a function of the overstress in VBO 
and the maximum and the minimum inelastic strain occur when 
the stress and the equilibrium stress are equal during unloading, 
at points B in Fig. 7. At this point the stress-strain curve has a 
slope exactly equal to the elastic modulus. As seen in Fig. 7, 
the inelastic strains at the reversal points are very close to 
the respective maximum and minimum inelastic strain at zero 
overstress (points B). Therefore the "creeping-out behavior" 
of the inelastic strain is neglected. It is assumed that the maxi-
mum and minimum inelastic strains take place at the tempera-
ture extremes, as shown in Fig. 7. The following representations 
for Bar 1 hold at Tm„ and Tmi„: 
;„;„ = / o i _ 2^°"i 
CT| i 7",,, 
£ i l r m i 
£ m 4- _ A ^ i n 
/T1" _ _ A ^ " 
£ 0 I ^ i £ l 
Similar representations are obtained for Bar 2 
C 2 I 7„nx = /02 - 2 ^
a 2 
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Fig. 5 Ratcheting behavior in terms of mean strain (r = 1) 
(°=g) 
Tmin 
Fig. 7 Illustration of hysteresis loop at steady state 
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e 2 k„ = —^ + U'0\ -
 X- Aef ) + a(Tmax - T0) (32) 
e2|rmi„ = ̂ j^ + ( e& + \ Ae? ) + a(Tmin - T0) (33) 
Also, from Eq. (19), we have 
ACTJ = rAa2 (34) 
Substituting Eqs. (26) and (30) into the equilibrium condi-
tion, Eq. (17), and using Eq. (34) 
/oi + rfai — P m (35) 
A comparison with Eq. (34) shows that the equilibrium condi-
tion also holds for the kinematic stress at steady state. Compati-
bility at Tmax yields 
eilrm„ - e2\Tnm = 0 (36) 
2emax = 2e \ Tnm = e 11 Tma + e21 r„„ (37) 
Using Eqs. (24) to (35), Eqs. (36) and (37) become 
+ i ^ 1 A<7, - a(Tmax - T0) = 0 (38) 
2rE 
i^(l+f)^+i(Ae^Ae2") + l ( l + i )p r a a x 
1 - r 
2rE 
Ad; + a(Tmax - r 0 ) = 2emax (39) 
The following equations are valid at T^,, and are derived 
following the procedure at TmM: 
^(l+f)^4(A^ + A^)-i(l + l ) ^ 
1 + r 
2rE 
A<r, - a(rmin - T0) = 0 (40) 
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" Numerical Experiment (VBO) 
1 • O dT/dt=0.5 Ks"1 
. A A dT/dt=0.005 Ks1 
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Fig. 8 Evaluation of mean strain at steady state 
Figure 8 shows the comparison of Eq. (42) and the results of 
numerical experiments performed using VBO. The agreements 
between the theory and the numerical experiments are excellent, 
with the exception of f = 0.5 Ks"1 with AT = 300 K. Note 
that in this case, steady state has not been reached at the 
15,000th cycle, and therefore Eq. (42) does not apply. 
Since the evolution equations for the kinematic stress of VBO 
and the center of yield surface of the kinematic hardening model 
are the same, Eq. (42) for VBO is also valid for the kinematic 
hardening model only if reversed plasticity is established for 
both bars. The predicted mean strains using the kinematic hard-
ening model for r = 1.5 are shown in Table 2(a) and Fig. 3. 
They are much smaller than the ones predicted by VBO. Re-
versed plasticity is established for both bars in the case of r = 
1 with AT = 1200 K, and the predicted mean strains are shown 
in Table 2(b) and Fig. 4. It is found that the kinematic hardening 
model predicts the same values of mean strain as VBO, and 
both are well predicted by Eq. (42). 
Approximate Strain Range at Steady State. From Eqs. 
(38) and (40) 
Ae? + Aei 1 + r . 
+ Ac , 
rE 
aAT = 0 




ACT, + aAT = 2Ae 
(43) 
(44) 
+ LzsAai + a{Tm T0) = 2emia (41) 
Approximate Mean Strain at Steady State. From Eqs. 
(38) to (41), the mean strain can be obtained as 
£mea" ~ 2 " l + r U E)P™ 
«[(r raax - T0) + (Tmin - T0)] (42) 
2(1 + r ) 
The model predicts that the mean strain at steady state de-
pends on the r-ratio, the steady load, and the temperature excur-
sions. The material properties that determine the mean strain 
are the coefficient of thermal expansion, the elastic modulus, 
and the tangent modulus in the inelastic range. If perfectly 
elastic-plastic behavior is modeled, the mean strain becomes 
infinity since the plastic tangent modulus goes to zero. 
Equations (43) and (44) relate the stress range in Bar 1 to 
the inelastic strain ranges in both bars and to the temperature 
range. To compute the strain range, the stress range in Bar 1 
has to be expressed in terms of strain. This expression will be 
found by assuming that the inelastic strain range is small or by 
assuming that the asymptotic solution of VBO applies. The 
latter happens when inelastic flow is fully established and the 
stress rate is equal to the inelastic strain rate times the tangent 
modulus in the inelastic range; see Krempl (1996) for details. 
When the temperature range is small, the deformation state 
is quasi-elastic and the strain range might be well approximated 
by the thermoelastic solution 
Ae = 
1 + r 
aAT (45) 
When the temperature range is large and both bars are sub-
jected to a large strain range, it is assumed that the asymptotic 
solution of VBO (Yao, 1987; Krempl, 1996) holds, as shown 
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Fig. 9 Asymptotic feature of stress-strain curve by VBO 
in Fig. 9. Note that the hysteresis loop is symmetric since the 
temperature rate has the same magnitude for heating and cool-
ing. In reference to Fig. 9, the stress rates are for large strains 
&2 = m
n 
Equations (19), (46), and (47) yield 
C2 — c i 
r 
Substituting Eqs. (46) and (48) into Eq. (21) results in 
r E 






At T = Tmax, the overstress of Bar 1 is positive (tensile direc-
tion) as shown in Fig. 9; and thus, from the flow rule of VBO 
(Eq. (11)) and Eq. (49), we have a nonlinear equation for the 
maximum overstress rimax (the asymptotic overstress) at a 
given temperature rate 
Eqs. (43) and (44) together with Eq. (34). It may be worth 
noting that Gokhfeld et al. (1995) use the cyclic stress-strain 
curve in deriving equations for steady state. It is possible to 
obtain the cyclic stress-strain curve by numerical experiments 
that simulate the procedure used in the experiments. 
The Case r = 7.5. Equation (56) is valid only when both 
of the bars are subjected to large mechanical strain range. This 
was not the case for the present example where Bar 2 was 
deformed in the quasi elastic region even for AT = 1200 K. 
Indeed, it was found that Eq. (56) does not match the numerical 
experiments. Derivation of Eq. (56) from Eqs. (43) and (44), 
however, allows for specialization to elastic behavior for Bar 2 
by setting Ae'2 = r2max = 0, which yields 
A -2 (A + r,roax) + r(E + E,)aAT , _ 
Ae = ; (57) 
(1 + r)E, + rE 
The Case r = 1. In this case, Fim!ix = r2max because Eqs. 
(50) and (55) are identical and Eq. (56) becomes 
Ae = ^aAT (58) 
which is the thermoelastic solution. Since the thermoelastic 
solution is the solution for a small temperature range, it can be 
assumed safely that, for the special case r = 1, the thermoelastic 
solution is always valid. Interestingly, there is no effect of tem-
perature rate on the strain range in this case. 
Comparison With Numerical Experiments. Equations (57) 
and (58) are compared with the results of numerical experi-
ments, as shown in Fig. 10. It is observed that the thermoelastic 
solution gives a good approximation for small temperature 
range and Eqs. (57) and (58) give a good approximation for 
large temperature range. Small rate dependency shown in Eq. 
(57), in the case of r = 1.5 (solid and dashed lines in Fig. 10), 
comes from small rate dependency of the present model. 
Kf 1 lmaxj 
From Fig. 9, we have 
+ r E + E, 
aT (50) Conclusion 
±Acr, = ±A/, + A + r „ (51) 
for Bar 1, where r lmax is a solution of Eq. (50). Due to the 
growth equation for / 
A/ , = E,Ae\n 
and Eq. (51) becomes 
ACT, = EAe'r + 2(A + r lmllx) 
For Bar 2, in analogous fashion, the stress range is 
Aa2 = E,Ae''2 + 2(A + T1am) 
where r2max is a solution of 
A 2m;ix 1 ^ 






Next, Ae is computed from Eqs. (43), (44), (53), and (55) 
to yield 
Ae = 
2[(1 - r)A + rimax - rr2nmx] 
0+r)E, 1 + r 
aAT (56) 
This is the representation of the strain range when the asymp-
totic solution holds for both bars. The strain range depends on 
the overstress r,m„x and r2m„x, and is therefore rate-dependent. 
A cyclic stress-strain curve (a relation between the inelastic 
strain range and the stress range) for a given temperature varia-
tion rate for each bar would be an alternate means to evaluate 
The ratcheting behavior of the ' 'unsymmetric two bar sys-
tem" was investigated by numerical experiments using two 
material models: rate-independent plasticity (kinematic harden-
ing) and the viscoplasticity theory based on overstress (VBO). 
The present analysis was performed using temperature-inde-
pendent properties and a material that is cyclically neutral with 
small rate effects. This treatment allowed for the derivation of 
approximate formulas for the mean strain and the strain range 
at steady state for the rate-dependent VBO model. 
Due to the work hardening, elastic-inelastic shakedown is 
ultimately achieved for both models. There is a strain range 
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Fig. 10 Evaluation of strain range at steady state 
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same variation. The predicted mean strain, however, is much 
larger for VBO than for the kinematic hardening model. This 
is attributed to rate dependence modeled with VBO, but not 
with the kinematic plasticity model. 
Using the VBO model, approximate but very accurate formu-
las for predicting mean strain and strain range were derived. 
These formulas were in good agreement with the numerical 
experiments that followed the cyclic history. 
The analysis is being extended to temperature-dependent ma-
terial properties at temperatures where significant creep effects 
are present. 
Acknowledgment 
This work was completed while the first author was on a leave 
of absence from the Department of Mechanical Engineering of 
the University of Tokyo. The second author acknowledges the 
support of the Department of Energy Grant DE-FG02-
96ER14603. 
References 
Gokhfeld, D. A., and Sadakov, O. S„ 1995, "Steady Cyclic State of a Structure: 
Methods of its Direct Determination,'' Inelastic Behaviour of Structures Under 
Variable Loads, Z. Mroz, D. Weicherl, and S. Dorosz, eds., Kliiver, Dordrecht, 
and Boston, pp. 449-461. 
Konig, J. A., and Maier, G., 1981, "Shakedown Analysis of Elastoplastic Struc-
tures: A Review of Recent Developments," Nuclear Engineering and Design, 
Vol. 66, pp. 81-95. 
Krempl, E., 1996, "A Small Strain Viscoplasticity Theory Based on 
Overstress," Unified Constitutive Laws of Plastic Deformation, A. S. Krausz and 
K. Krausz, eds., Academic Press, New York, NY. 
Megahed, M. M., 1981, "Influence of Hardening Rule on the Elasto-Plastic 
Behavior of a Simple Structure under Cyclic Loading," International Journal of 
Mechanical Science, Vol. 23, pp. 169-182. 
Miller, A. K„ ed., 1987, Unified Constitutive Equations for Plastic Deformation 
and Creep of Engineering Alloys, Elsevier Applied Science. 
Miller, D. R., 1959, "Thermal-Stress Ratchet Mechanism in Pressure Vessels," 
ASME Journal of Basic Engineering, Series D, Vol. 81, pp. 190-196. 
Polizzoto, C , 1995, "Elastic-Viscoplastic Solids Subjected to Thermal and 
Loading Cycles," Inelastic Behavior of Structures Under Variable Loads, Z. 
Mroz, D. Weichert, and S. Dorosz, eds., Kliiver, Dordrecht, and Boston, pp. 
95-128. 
Yao, D., 1987, "Theory of Viscoplasticity Based on Overstress with Applica-
tions," Ph.D. thesis, Rensselaer Polytechnic Institute, Troy, NY. 
312 / Vol. 119, AUGUST 1997 Transactions of the ASME 
Downloaded From: https://pressurevesseltech.asmedigitalcollection.asme.org on 06/28/2019 Terms of Use: http://www.asme.org/about-asme/terms-of-use
